Introduction: Pulmonary arterial hypertension (PAH) is a complex disease with poor prognosis. Serum uric acid has been proposed as a potentially non-invasive and objective parameter for prognosis and response to therapy. Objectives: To investigate the potent relationship between serum uric acid levels and functional and echocardiographic parameters in children with PAH. Methods: Serum uric acid levels were measured in 34 children with PAH and were correlated with the functional class, 6-minute walk test, and echocardiographic parameters at baseline and at 12 months follow-up. Results: In pediatric PAH patients serum uric acid levels were higher compared with the control subjects (p = 0.001). In the high uric acid group serum uric acid levels were correlated with 6-minute walk test (p = 0.008), and with several echocardiographic parameters, such as pulmonary vascular resistance (p = 0.04), fractional area change (p = 0.05), left ventricle eccentricity index (p = 0.04), right atrial area (p = 0.03), right ventricle myocardial index (p = 0.01), and pericardial effusion (p = 0.001), markers of right ventricular overload and dysfunction. Conclusions: Serum uric acid levels are easy to collect and measure, and correlate with both functional and echocardiographic parameters that reflect right ventricular dysfunction.
BACKGROUND
Pulmonary arterial hypertension (PAH) is a rare, progressive disease, characterized by an increase in pulmonary vascular resistance (PVR) due to vasoconstriction and remodeling, leading to increased pulmonary arterial pressure (PAP), right ventricular (RV) failure, and ultimately, death. 1 Serum uric acid (UA), the final oxidation product of the purinic metabolism, acts as an endogenous free radical scavenger, protecting cells from the damage caused by reactive oxygen species and reactive nitrogen species. 1 Several studies have demonstrated that UA serum levels are increased in conditions of impaired oxidative metabolism such as congestive heart failure, 2 pulmonary embolism, 3 primary pulmonary hypertension (IPAH), 4 Eisenmenger syndrome, 5 and PAH due to systemic sclerosis. 6 Uric acid levels are elevated and correlated with the severity of disease in PAH. Nagaya et al., in a study of 99 IPAH patients and age-matched controls, showed that elevated serum UA levels were correlated with pulmonary haemodynamics, that it had a strong association with long-term mortality, and that it had decreased with vasodilator therapy. 4 Several mechanisms may be involved in the presence of high UA levels in PAH, but the exact metabolic mechanism is not clear. Lung tissue ischemia, impaired renal perfusion and urinary excretion of UA may be factors responsible for the elevation of UA levels in patients with IPAH. 7 Recent evidence suggests that UA inhibits acetylcholine-mediated vasodilatation by acting on the vascular endothelium. 8 There is very little information available on the clinical significance of UA in pediatric patients with PAH. We hypothesized that UA levels are elevated in pediatric patients with PAH and are associated with functional and echocardiographic parameters, thus having a prognostic value in these populations.
MEtHODS
Patients selection. The present study was conducted in accordance with the Declaration of Helsinki and was approved by the local ethics committee. Informed consent was obtained from the parents of all children included in the study.
A total of 34 pediatric patients with PAH and 34 controls were evaluated, between December 2013 and January 2015 in this prospective, non-interventional study. The pediatric patients with PAH were classified in clinical forms of PAH: IPAH and PAH associated with congenital heart disease (CHD).
Diagnosis of PAH. PAH was defined in accordance with ESC/ERS Guidelines as an increase in the mean pulmonary arterial pressure ≥25 mmHg at rest as assessed by right heart catheterization (RHC), a pulmonary artery wedge pressure (PAWP) ≤15 mmHg, and a PVR >3 Wood units in the absence of other causes of pre-capillary PH such as PH due to lung diseases, chronic thromboembolic PH or other rare diseases. 9 In all cases, cardiac catheterization was performed at presentation to confirm the diagnosis of PAH. Patients were treated with specific vasodilator therapy in accordance with the guideline recommendations.
Functional capacity. Baseline and follow-up clinical assessment included World Health Organization functional class (WHO FC) and exercise capacity assessed by 6-minute walk test (6MWT) distance (in children ≥5 years old).
Transthoracic echocardiography. All patients underwent echocardiographic evaluation using a IE33 Philips ECHO device, according to the previously described protocol. 10 The parameters that reflect the RV function: tricuspid annular plane systolic excursion (TAPSE), tricuspid annular velocity (S`), fractional area change (FAC), myocardial performance index (Tei), pericardial effusion, the pulsed wave Doppler interogation of the trans-tricuspid inflow, tissue Doppler, E/E` ratio; the parameters that reflect the RV anatomy and physiology: RA area, tricuspid annulus diameter, pulmonary artery annulus diameter, left ventricle eccentricity index (LVEI); and the parameters that reflect the hemodynamics: systolic pulmonary artery pressure (sPAP), mean pulmonary artery pressure (mPAP), acceleration time (ACT), pulmonary vascular resistance (PVR) -were evaluated by echocardiography. For estimation of the PVR we used an equation using the ratio of sPAP to RV outflow tract velocity time integral (RVOT VTI) and a constant designating presence of RVOT VTI midsystolic notching. 11 Measurement of serum UA levels. Venous blood was obtained for the measurement of serum UA levels at baseline, and functional and echocardiographic assessment was also performed. Serum UA levels (range 3.5-7.2 mg/dl) were determined using the uricase-peroxidase method. In addition, serum levels of urea, creatinine, aspartate transaminase (AST), alanine transaminase (ALT), gamma-glutamyl transferase (gamma-GT), bilirubin and sodium (Na) were measured in each patient in close temporal proximity to the echocardiographic study.
Patient follow-up. In pediatric patients with PAH the serum UA levels were correlated with WHO FC, exercise capacity estimated by the 6MWT, and echocardiographic parameters with prognostic value at initiation of the study and 12 months later.
RESULtS
A total of 68 subjects, 34 (50%) pediatric patients with PAH and 34 (50%) age-matched controls, were included in the study. In the PAH group, 55.8% (n = 19) were female, the mean age was 9.13 years and the average weight was 27.01 kg. The different etiologies of PAH included: IPAH (n = 5, 14.7%) and PAH associated with CHD (n = 29, 85.29%). WHO FC II, III and IV were recorded in 35.29% (n = 12), 61.76% (n = 21), and 2.94% (n = 1) of cases, respectively. Serum UA levels. Serum UA levels were significantly higher in patients with PAH compared with the control group (p = 0.001). The pediatric patients with PAH were grouped according to the mean value of serum UA (5 mg/ dl), and the results are summarized in Table 1 . There were no significant differences between the high UA group and the low UA group regarding age, sex, and weight. Initial UA levels did not differ between patients with idiopathic or secondary PAH. Serum urea (p = 0.05) and creatinine (p = 0.002) levels were also higher in the high UA group.
Serum UA levels and functional parameters. Initially we could not prove a statistically significant correlation between UA and WHO FC (p = 0.17), and we did not observe a correlation between serum levels of UA and FC during follow-up. A higher WHO FC was associated with a decreased 6MWT. Serum UA level (p = 0.0001, r = -0.8284) negatively correlated with 6MWT as tested on the day of the blood sampling (Figure 1 ). The 6MWT distance was significantly lower in the high UA group than in the low UA group (p = 0.008).
Serum UA levels and echocardiographic parameters. Prognosis value of serum UA levels. The pediatric PAH patients included in the study were treated with specific pulmonary vasodilator therapy. At the time of inclusion, 18 patients received Bosentan, 9 patients received Sildenafil and 7 patients received combined therapy. In the case of 3 patients (2 patients with IPAH and 1 patient with PAH associated with CHD), during follow-up, we found a worsening of the functional class, and, in addition, the echocardiographic parameters indicated a more compromised RV function, requiring intensification of the specific therapy.
High UA levels predicted the progression of right ventricular failure. ROC-curves for UA (area under the curve AUC >0.80) predicting the RV dysfunction are provided in Figure 2 . An initial serum UA cutoff value of 8.53 pg/ml for prediction of progression of the RV dysfunction was identified by ROC analysis (AUC = 0.86 (95% CI: 0.698-0.955)). When using this cutoff value, the test showed to have a 66.67% sensitivity (95% CI: 9.4-99.2), and a 100% specificity (95% CI: 88.8-100) in predicting a negative outcome.
DISCUSSIONS
In this study, we observed that the serum levels of UA in pediatic patients with PAH were higher than in the healthy subjects. There was a positive correlation between UA levels and exercise capacity assessed by 6MWT, and with some ecocardiogrphic parameters with pronostic value. In addition, our study indicated that an elevated serum UA level at baseline was relevant to long-term outcome for pediatric patients with PAH. Our results demonstrated that pediatric patients with elevated serum UA (>5 mg/dl) levels showed increased severity according to the 6MWT, which is a marker of severity in PAH and a predictor for the outcome of PAH patients. A positive correlation between serum UA levels and the functional parameters has also been observed in adult patients with PAH. 6 In a study involving 29 patients with PAH, UA levels correlated positively with FC and negatively with 6MWT scores. 12 Van Albada et al. investigated the correlations between several serum markers in children with PAH, and they found that UA serum levels correlated with invasively obtained hemodynamic data. 13 In an adult population, Voelkel A et al. demonstrated that there is a positive correlation between right atrial pressure elevation and serum UA levels. 14 We did not demonstrate the correlation of serum biomarkers with hemodynamic data because the RHC was not performed in this study, but all patients included in the study were evaluated by echocardiography, which is the standard method for non-invasive monitoring of PAH progression. 15, 16 Echocardiographic findings reli- ably provide several estimates for hemodynamic functions that closely correlate with the measurements obtained by RHC. [17] [18] [19] [20] [21] [22] We could demonstrate a statistically significant positive correlation between high serum UA levels and echocardiographic parameters of RV impairment which include RA area (p = 0.03), the LVEI (p = 0.04), Tei (p = 0.01), FAC (p = 0.05) and pericardial effusion (p = 0.001).
Identifying an elevated PVR is critical for initiating appropriate treatment. Recently, Opotowsky AR et al., in a study that included 217 PAH patients, presented an equation that estimates the PVR by echocardiography using the ratio of sPAP to RVOT VTI and a constant designating presence of RVOT VTI mid-systolic notching. 11 Because RHC is an invasive method that requires general anesthesia in children, we could not apply it repeatedly. For monitoring response to therapy, we estimated the PVR by using the equation proposed by Opotowski. Our study revealed statistically positive correlations between high serum UA levels and PVR estimated by echocardiography (p = 0.04). This study demonstrated that serum levels of UA may provide an idea regarding right cardiac echo parameters.
Zhang C et al., in a study on 86 adult IPAH patients and age-matched controls, concluded that the levels of serum UA were related to the severity of PAH and the ventricular dysfunction assessed by trans-thoracic echocardiography. 7 Uric acid level has been described as a prognostic factor for adults with PAH. 4, 10, 12 In the current pediatric series, the ROC-curve analysis showed that an UA level >8.53 mg/dl can be used for PAH progression assessment in pediatric patients with PAH.
The limits of this study were the relatively small number of pediatric patients diagnosed with PAH and the heterogeneity of the studied group. In addition, all patients included in this study survived, so the ability of serum UA level to predict mortality was not assessed. More thorough investigations of the predictive ability of a high UA value are needed.
CONCLUSIONS
Our data indicate that high serum UA levels correlate with both functional and echocardiographic parameters that reflect RV dysfunction. The present results indicate that serum UA levels could be easy to collect and measure, and it may provide a reproducible biological marker of unfavorable outcomes in pediatric patients with severe PAH.
